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FIG. 2
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FIG. 3
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FIG. 6
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FIG. 9
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CONTROL APPARATUS FOR INTERNAL
COMBUSTION ENGINE

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s based on and incorporates herein by
reference Japanese Patent Application No. 2011-119730 filed
on May 27, 2011.

TECHNICAL FIELD

The present disclosure relates to a control apparatus for an
internal combustion engine provided with an EGR device.

BACKGROUND

There 1s known an internal combustion engine of a vehicle,
which 1s provided with an EGR device to recirculate a portion
of exhaust gas as EGR gas to an intake passage for the purpose
of improving fuel consumption and reducing knocking and
exhaust emissions of the mnternal combustion engine.

However, 1n the internal combustion engine, which is pro-
vided with the EGR device, even when an FGR wvalve 1s
closed at the time of driving a throttle valve to a closing side
thereot (at the time of controlling an opening degree of the
throttle valve to a closing side), the EGR gas may remain in a
portion of an EGR passage located on a downstream side of
the EGR valve or 1n the intake passage in a system. Particu-
larly 1n a system, which recirculates the EGR gas to a portion
of the intake passage located on the upstream side of the
throttle valve, a large quantity of the EGR gas may remain in
the portion of the intake passage located on the upstream side
of the throttle valve. Therefore, 1n such a system, the quantity
of the EGR gas, which flows 1nto a cylinder of the internal
combustion engine at the time of decelerating the engine
(thereby decelerating the vehicle) or the time of reaccelerat-
ing the engine (thereby reaccelerating the vehicle), may be
excessively increased to cause a deterioration of a combus-
tion state, thereby possibly resulting in occurrence of misfire.

In view of the above point, dP2010-36780A teaches a
technique of limiting combustion deterioration 1n the internal
combustion engine. Specifically, according to the technique
of JP2010-36780A, a throttle valve 1s closed at a speed that 1s
slower than an upper limit valve closing speed, above which
the misfire will likely occur (i.e., the throttle opeming degree
being reduced at a speed that 1s lower than an upper limit
closing speed, above which the misfire will likely occur). In
this way, the combustion deterioration 1s limited.

Here, it should be noted that depending on the operational
state immediately before the time of decelerating the engine,
a large quantity of EGR gas may be already present in the
intake passage at the time of starting the deceleration of the
engine. However, technique of JP2010-36780A 1s atechnique
that limits the suctioning of the EGR gas by closing the
throttle valve at the speed, which 1s lower than the upper limit
closing speed of the throttle valve, and thereby limiting a
rapid decrease of the intake conduit pressure (a rapid increase
of an intake conduit negative pressure). In the case where the
large quantity of EGR gas 1s already present in the intake
passage at the time of starting the deceleration of the engine,
the quantity of the EGR gas, which flows into the cylinder,
becomes excessively large according to this technique,
thereby possibly resulting 1n misfire. Furthermore, the above
technique cannot counteract with a case where the EGR gas
remains 1n the itake passage until the time of reaccelerating,
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engine, thereby possibly resulting in occurrence of misfire at
the time of reacceleration of the engine.

SUMMARY

The present disclosure addresses the above disadvantages.

According to the present disclosure, there 1s provided a
control apparatus for an mternal combustion engine that 1s
provided with an exhaust gas recirculation (EGR) device,
which recirculates a portion of exhaust gas of the internal
combustion engine as EGR gas to an intake passage of the
internal combustion engine. The control apparatus 1includes
an intake air quantity information determining arrangement,
anormal combustion threshold value computing arrangement
and a misfire-avoidance control arrangement. The intake air
quantity information determining arrangement senses or
computes one of an intake air quantity and a torque of the
internal combustion engine as intake air quantity information.
The normal combustion threshold value computing arrange-
ment computes a normal combustion threshold value based
on an operational state of the internal combustion engine. The
normal combustion threshold value 1s a threshold value of the
intake air quantity information required to be achieved to
enable normal combustion 1n the internal combustion engine.
The misfire-avoidance control arrangement executes a mis-
fire-avoidance control operation, which avoids misfire by
controlling a throttle opening degree of a throttle valve such
that a value of the intake air quantity information (1.e., a value
of the intake air quantity or a value of the torque, which 1s
sensed or computed by the intake air quantity information
determining arrangement) does not decrease below the nor-
mal combustion threshold value.

The control apparatus may further include a cylinder-in-
flow EGR gas quantity determining arrangement that esti-
mates or senses a value of a cylinder-intlow EGR gas quantity,
which 1s a quantity of the EGR gas that flows 1nto a cylinder
of the internal combustion engine, wherein the normal com-
bustion threshold value computing arrangement computes
the normal combustion threshold value based on the value of
the cylinder-inflow EGR gas quantity.

The cylinder-inflow EGR gas quantity determining
arrangement may estimate and store a value of an EGR gas
flow quantity of a portion of the EGR gas that 1s present
between a first location of the intake passage, which 1s on a
downstream side of an EGR valve of the EGR device, and a
second location of the intake passage, which 1s on an
upstream side of the cylinder, based on an EGR valve-passing
gas flow quantity, which 1s a quantity of the portion of the
EGR gas passed through the EGR valve. The cylinder-intlow
EGR gas quantity determining arrangement may estimate the
value of the cylinder-inflow EGR gas quantity based on the
stored value of the EGR gas tlow quantity of the portion of the

EGR gas.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings described herein are for illustration purposes
only and are not intended to limit the scope of the present
disclosure 1n any way.

FIG. 1 1s a schematic diagram showing a structure of an
engine control system, which controls an internal combustion
engine provided with a supercharger, according to a {first
embodiment of the present disclosure;

FIG. 2 1s a diagram showing a time chart for describing
occurrence of misfire caused by EGR gas at the time of
decelerating the engine or the time of reaccelerating the
engine;
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FIG. 3 1s a flowchart showing a flow of a misfire-avoidance
control routine according to the first embodiment;

FIG. 4A 1s a diagram showing a change 1n a throttle open-
ing degree with time;

FIG. 4B 1s a diagram showing a change 1n an intake air
quantity and a change in a normal combustion lower limait
value with time 1n a comparative example;

FIG. 4C 1s a diagram showing a change 1n an intake air
quantity, a change 1n a normal combustion lower limit value,
a change 1n a throttle opening degree and a change 1n a load
torque of an alternator with time according to the first
embodiment;

FI1G. 5 1s a block diagram for describing an EGR gas delay
model according to the first embodiment;

FIG. 6 1s a diagram for describing an EGR valve model
according to the first embodiment;

FIG. 7 1s a block diagram for describing an EGR gas delay
model according to the first embodiment;

FIG. 8 1s a diagram for describing an intake conduit advec-
tion delay model according to the first embodiment;

FI1G. 9 1s a flowchart showing a flow of a misfire-avoidance
control routine according to a second embodiment of the
present disclosure.

FIG. 10 1s a diagram showing an exemplary map, which
indicates a normal combustion determination value and an
execution time period 1n relation to an intake conduit pressure
and an engine rotational speed according to the second
embodiment;

FIG. 11A 1s a diagram showing a change in an intake air
quantity and a change 1n a normal combustion lower limait
value with time 1n the comparative example; and

FIG. 11B 1s a diagram showing a change in an intake air
quantity and a change in a normal combustion lower limait
value with time according to the second embodiment.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
with reference to the accompanying drawings.

First Embodiment

A first embodiment of the present disclosure will be
described with reference to FIGS. 1 to 8.

First of all, a structure of an engine control system, which
controls an internal combustion engine provided with a super-
charger, will be described with reference to FIG. 1.

An air cleaner 13 1s placed at a furthermost upstream por-
tion of an intake conduit 12 (an intake passage) of the internal
combustion engine (hereinafter simply referred to as the
engine) 11. An air tlow meter 14, which serves as an intake air
quantity information determining means, 1s placed in the
intake conduit 12 on the downstream side of the air cleaner 13
in a flow direction of the intake air to sense a flow quantity of
the intake air ({fresh air). A catalytic converter (e.g., a three-
way catalytic converter) 16 1s placed 1n an exhaust conduit 15
(an exhaust passage) of the engine 11 to purify the exhaust gas
by converting noxious substances, such as carbon monoxide
(CO), hydrocarbon (HC) and nitrogen oxide (NOx) of the
exhaust gas 1nto less noxious substances.

An exhaust turbine supercharger 17, which supercharges
the 1intake air, 1s provided to the engine 11. An exhaust turbine
18 of the supercharger 17 1s placed on an upstream side of the
catalytic converter 16 1n a flow direction of exhaust gas in the
exhaust conduit 15. A compressor 19 of the supercharger 17
1s placed on a downstream side of the air flow meter 14 1n the
intake conduit 12. In the supercharger 17, the exhaust turbine
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4

18 and the compressor 19 are coupled with each other to
rotate integrally. When the exhaust turbine 18 1s rotated by a
kinetic energy of the exhaust gas, the compressor 19 1s rotated
to supercharge the intake air.

A throttle valve 21 and a throttle opening degree sensor 22
are placed on a downstream side of the compressor 19 1n the
intake conduit 12. The throttle valve 21 1s driven by an electric
motor 20 to adjust an opeming degree thereol. The throttle
opening degree sensor 22 senses the opeming degree (a
throttle opening degree) of the throttle valve 21.

An 1tercooler, which cools the intake air, 1s provided
integrally with a surge tank 23 (the intake passage) at a
location that 1s on a downstream side of the throttle valve 21.
Here, 1t should be noted that the intercooler may be placed on
an upstream side of the surge tank 23 and/or the throttle valve
21, if desired. An intake manifold 24 (the intake passage),
which guides the air into the respective cylinders of the engine
11, 1s provided to the surge tank 23. Furthermore, fuel injec-
tion valves (not shown) are provided for the cylinders such
that each fuel injection valve (not shown) 1s adapted to inject
tuel into the corresponding cylinder or a corresponding intake
port associated with the cylinder. Spark plugs (not shown) are
provided for the cylinders, respectively, and are installed to a
cylinder head of the engine 11. A mixture of fuel and air 1n
cach cylinder 1s 1gnited through spark discharge of the spark
plug.

An exhaust manifold 25 1s connected to an exhaust opening
of each cylinder of the engine 11, and a downstream side
merging portion of the exhaust manifold 25 1s connected to a
portion of the exhaust conduit 15, which 1s located on an
upstream side of the exhaust turbine 18. An exhaust gas
bypass passage 26 bypasses the exhaust turbine 18 by con-
necting between a portion of the exhaust manifold 25, which
1s located on an upstream side of the exhaust turbine 18, and
a portion of the exhaust conduit 15, which 1s located on a
downstream side of the exhaust turbine 18. A wastegate valve
277 1s mnstalled 1n the exhaust gas bypass passage 26 to open or
close the exhaust gas bypass passage 26.

A low pressure loop exhaust gas recirculation (LPL EGR)
device 28 1s provided to the engine 11. The EGR device 28
recirculates a part of the exhaust gas as EGR gas from the
exhaust conduit 15 into the intake conduit 12. In the EGR
device 28, an EGR conduit 29 (an EGR passage) connects
between a portion of the exhaust conduit 135, which 1s located
on a downstream side of the catalytic converter 16, and a
portion of the mntake conduit 12, which 1s located on an
upstream side of the compressor 19. An EGR cooler 30 and an
EGR valve 31 are provided 1n the EGR conduit 29. The EGR
cooler 30 cools the EGR gas. The EGR valve 31 adjusts atlow
quantity (EGR gas flow quantity) of the EGR gas, which
flows through the EGR conduit 29. An opening degree of the
EGR valve 31 1s adjusted by an actuator (not shown), such as
an electric motor. When the EGR valve 31 1s opened, the EGR
gas 1s recirculated from the portion of the exhaust conduit 15,
which 1s located on the downstream side of the catalytic
converter 16, to the portion of the intake conduit 12, which 1s
located on the upstream side of the compressor 19.

Furthermore, an 1ntake side variable valve timing mecha-
nism 32 and an exhaust side variable valve timing mechanism
33 are provided to the engine 11. The intake side variable
valve timing mechanism 32 adjusts, 1.€., changes valve timing
(opening timing and closing timing) of intake valves (not
shown). An alternator (electric power generator) 48 1s rotated
by a drive force of the engine 11 to generate electric power. A
power generation control electric current (field current) of the
alternator 48 1s duty controlled to control a load torque of the
alternator 48.
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Furthermore, a coolant temperature sensor 34 and a crank
angle sensor 35 are provided to the engine 11. The coolant
temperature sensor 34 senses the temperature of engine cool-
ant, which 1s circulated to cool the engine 11. The crank angle
sensor 35 outputs a pulse signal at every predetermined crank
angle upon rotation of a crankshaft (not shown). A crank
angle and an engine rotational speed are sensed, 1.e., are
determined based on the output signals of the crank angle
sensor 35.

Outputs of the above-described sensors are supplied to an
clectronic control unit (ECU) 36. The ECU 36 includes a
microcomputer as 1ts main component. When the ECU 36
executes engine control programs, which are stored 1in a ROM
(a storage) of the ECU 36, for example, a fuel imjection
quantity of each fuel injection valve, 1ignmition timing of each
spark plug and the opening degree of the throttle valve 21 (an
intake air quantity) are controlled based on the engine opera-
tional state.

At that time, the ECU 36 computes a target EGR rate based
on an engine operational state (e.g., an engine load and the
engine rotational speed) and controls the opening degree of
the EGR valve 31 to implement the target EGR rate.

However, as shown 1n FIG. 2, in the engine 11, which 1s
provided with the EGR device 28, even when the EGR valve
31 1s closed at the time of controlling the opening degree of
the throttle valve 21 to the closing side thereof during decel-
cration ol the engine (thereby deceleration of the vehicle), the
EGR gas remains in the portion of the EGR conduit 29, which
1s located on the downstream side of the EGR valve 31, as
well as 1n the intake conduit 12. Particularly, 1n the system,
which recirculates the EGR gas to the portion of the intake
passage located on the upstream side of the throttle valve 21,
a large quantity of the EGR gas may remain in the portion of
the intake passage located on the upstream side of the throttle
valve 21. Therefore, the quantity of the EGR gas, which flows
into the cylinder at the time of deceleration of the engine or at
the time of reacceleration of the engine after the deceleration,
may become excessively large to cause deterioration of the
combustion state of the engine 11, possibly resulting 1n mis-
fire.

According to the first embodiment, 1n order to address the
above disadvantage, the ECU 36 executes a misiire-avoid-
ance control routine (1.e., a misfire-avoidance control pro-
cess) of FIG. 3. Specifically, as shown in FIG. 4C, a normal
combustion lower limit value (anormal combustion threshold
value) of the itake air quantity, which 1s a lower limit value
of the mtake air quantity that needs to be achieved to enable
the normal combustion without causing misfire 1n the cylin-
der, 1s computed based on an estimated cylinder-inflow EGR
gas quantity (a quantity of the EGR gas, which flows into the
cylinder) that1s estimated by using an estimation method (see
FIGS. 5 to 8) described later. Then, the misfire-avoidance
control operation, which limits the occurrence of the misfire,
1s executed by controlling the throttle opening degree such
that the intake air quantity does not decrease below the nor-
mal combustion lower limit value. Also, at the same time, a
load torque (e.g., a load torque of the alternator 48) 1s con-
trolled such that a torque change of the engine 11, which 1s
caused by the misfire-avoidance control operation, 1is
absorbed, 1.e., 15 counteracted.

Furthermore, an EGR gas scavenging control operation,
which promotes scavenging of the EGR gas by controlling the
throttle opening degree to the opening side (e.g., to the full
opening side where the opening degree of the throttle valve 21
becomes a tull opening degree), 1s executed during a fuel cut
control operation (F/C control operation), which stops the
tuel injection, at the time of decelerating the engine 11. Also,

5

10

15

20

25

30

35

40

45

50

55

60

65

6

at the same time, the load torque (e.g., the load torque of the
alternator 48) 1s controlled such that a torque change of the
engine 11, which 1s caused by the EGR gas scavenging con-
trol operation, 1s absorbed, 1.e., 1s counteracted.

In place of the cylinder-inflow EGR gas quantity, a cylin-
der-inflow EGR rate may be used.

Cylinder-Inflow EGR Rate=(Cylinder-inflow EGR
(Gas Quantity/Total Cylinder-inflow Gas Quan-

tity)

Here, it should be noted that the total cylinder-intlow gas
quantity 1s a sum of the cylinder-intlow fresh air quantity and

the cylinder-inflow EGR gas quantity.
The misfire-avoidance control routine of FIG. 3, which 1s

executed by the ECU 36 in the first embodiment, will now be
described.

The misfire-avoidance control routine, 1.e., the misfire-
avoidance control process ol FIG. 3 1s executed at a predeter-
mined cycle during an ON period of the electric power source
of the ECU 36 (a period of turning on of an 1gnition switch)
and serves as a misfire-avoidance control means. When the
present routine 1s started, the operation proceeds to step 101.
At step 101, engine operational condition parameters, such as
the engine rotational speed and the engine load (e.g., the
intake air quantity and the intake conduit pressure) are
obtained. In this instance, an intake air quantity information
determining arrangement 36a of the ECU 36 senses or com-
putes the intake air quantity (serving as intake air quantity
information) based on the output of the air flow meter 14.

Thereaftter, the operation proceeds to step 102. At step 102,
a cylinder-inflow EGR gas quantity estimating routine (not
shown) 1s executed by a cylinder-inflow EGR gas quantity
determining arrangement 364 of the ECU 36 to estimate the
cylinder-inflow EGR gas quantity through the estimating
method described later (see F1IGS. 5 to 8). This process at step
102 may serve as a cylinder-inflow EGR gas quantity deter-
mining means.

Thereatter, the operation proceeds to step 103. At step 103,
the normal combustion lower limit value (the lower limit of
the intake air quantity, which needs to be achieved to enable
the normal combustion 1n the cylinder) 1s computed by a
normal combustion threshold value computing arrangement
366 of the ECU 36 based on the cylinder-inflow EGR gas
quantity (the estimated value of the cylinder-inflow EGR gas
quantity) by using a map or a mathematical equation. The
map or the equation for determining the normal combustion
lower limit value 1s prepared in advance based on experimen-
tal data or design data and 1s stored in the ROM of the ECU 36.
This process at step 103 may serve as a normal combustion
threshold value computing means.

Thereatter, the operation proceeds to step 104. At step 104,
it 1s determined whether the fuel cut control operation (F/C
control operation) 1s currently executed. When 1t 1s deter-
mined that the fuel cut control operation is not currently
executed (1.e., the fuel mjection 1s currently performed) at
step 104, the operation proceeds to step 105. At step 105, 1t 1s
determined whether a value of difference between the intake
air quantity and the normal combustion lower limit value 1s
smaller than a predetermined threshold value. When the
intake air quantity 1s smaller than the normal combustion
lower limit value, there 1s a high possibility of having the
mistire. Theretfore, 1t 1s possible to predict whether the mistire
will occur by determining whether the value of difference
between the intake air quantity and the normal combustion
lower limit value 1s smaller than the predetermined threshold
value.




US 8,942,909 B2

7

When it 1s determined that the value of difference between
the itake air quantity and the normal combustion lower limit
value 1s smaller than the threshold value, the operation may
proceed to step 106. At step 106, a misfire-avoidance control
arrangement 36¢ of the ECU 36 executes the misfire-avoid-
ance control operation, which avoids the occurrence of the
misfire, by controlling the throttle opening degree such that
the 1ntake air quantity does not decrease below the normal
combustion lower limait value. Specifically, the throttle open-
ing degree 1s controlled such that the intake air quantity falls
in a predetermined range from the normal combustion lower
limit value on the side, which 1s larger than the normal com-
bustion lower limit value. In this way, the intake air quantity
1s held equal to or larger than the normal combustion lower
limit value to limit the occurrence of the misfire.

Thereafter, the operation proceeds to step 107. At step 107,
the load torque (e.g., the load torque of the alternator 48) 1s
controlled to absorb, 1.e., counteract the torque change caused
by the misfire-avoidance control operation. In this way, the
torque increase caused by the misfire-avoidance control
operation, 1.e., the torque increase caused by the increase of
the intake air quantity is counteracted by the torque reduction,
which 1s caused by the controlling of the load torque.
Thereby, the torque change (torque increase) caused by the
misfire-avoidance control operation 1s limited.

Thereatfter, when i1t 1s determined that the value of differ-
ence between the intake air quantity and the normal combus-
tion lower limit value 1s equal to or larger than the threshold
value at step 105, the misfire-avoidance control operation and
the load torque control operation are terminated.

In contrast, when 1t 1s determined that the fuel cut control
operation (the F/C control operation) 1s currently executed at
step 104, the operation proceeds to step 108. At step 108, 1t 1s
determined whether the cylinder-inflow EGR gas quantity 1s
larger than the predetermined threshold value. When it 1s
determined that the cylinder-inflow EGR gas quantity 1is
larger than the threshold value, the operation proceeds to step
109. At step 109, the EGR gas scavenging control operation,
which promotes the scavenging of the EGR gas, 1s executed
by controlling the throttle opening degree to the opening side
(¢.g., the full opening side). In this way, the intake air quantity
1s increased to rapidly scavenge the EGR gas, which remains
in the intake conduit 12.

Thereafter, the operation proceeds to step 110. At step 110,
the load torque (e.g., the load torque of the alternator 48) 1s
controlled to absorb, 1.e., counteract the torque change caused
by the EGR gas scavenging control operation. In this way, the
torque increase caused by the EGR gas scavenging control
operation, 1.€., the torque increase caused by a reduction of a
pumping loss 1s counteracted by the torque reduction, which
1s caused by the controlling of the load torque. In this way, the
torque change (torque increase) caused by EGR gas scaveng-
ing control operation 1s limited.

In contrast, when the torque change caused by the EGR gas
scavenging control operation cannot be absorbed, 1.e., cannot
be counteracted by the controlling of the load torque, the
throttle opening degree 1s reduced. In this way, the torque
increase caused by the EGR gas scavenging control operation
can be reduced, and the torque change caused by the EGR gas
scavenging control operation can be absorbed by the control-
ling of the load torque, 1.¢., the torque 1increase caused by the
EGR gas scavenging control operation can be counteracted.
As a result, the torque change, which 1s caused by the EGR
gas scavenging control operation, can be reliably limited.

Thereafter, when 1t 1s determined that the cylinder-inflow
EGR gas quantity 1s equal to or smaller than the threshold
value at step 108, the EGR gas scavenging control operation

10

15

20

25

30

35

40

45

50

55

60

65

8

and the load torque control operation are terminated. In this
way, 1n the state where the scavenging of the EGR gas, which
remains in the mtake conduit 12, 1s substantially completed,
and thereby the cylinder-intlow EGR gas quantity becomes
equal to or smaller than the threshold value, the EGR gas
scavenging control operation can be terminated. Thus, 1t 1s
possible to limit the unnecessary lengthening of the EGR gas
scavenging control operation.

Next, the estimating method for estimating the cylinder-
inflow EGR gas quantity will be described 1n detail with
reference to FIGS. 5 to 8.

As 1 the present embodiment, in the system that has the
LPL EGR device 28, which recirculates the EGR gas to the
portion of the mtake conduit 12 located on the upstream side
ol the compressor 19 (the intake passage on the upstream side
of the throttle valve 21), the ECU 36 computes (estimates) the
cylinder-inflow EGR gas quantity as follows.

As shown 1n FIG. 5, a total cylinder-inflow gas quantity
computing portion 37 of the cylinder-intflow EGR gas quan-
tity determining arrangement 364 of the ECU 36 computes a
total throttle-passing gas flow quantity (a total quantity of gas
that passes through the throttle valve 21) by using a throttle
model 39. The throttle model 39 1s a model that simulates the
behavior of the gas in the intake conduit 12 at the time of
passing through the throttle valve 21. For instance, a throttle

model, which 1s recited 1n JP2008-101626 A, may be used as
the throttle model 39.

Thereatter, an imntake manifold pressure (a pressure 1n the
intake passage on the downstream side of the throttle valve
21) 1s computed based on the total throttle-passing gas flow
quantity and a previous value of the total cylinder-inflow gas
quantity by using an intake manifold model 40. The intake
manifold model 40 1s a model that simulates the behavior of
the gas at the time of being charged into a portion (e.g., the
surge tank 23 and the intake manifold 24) of the intake pas-
sage located on the downstream side of the throttle valve 21
alter passing through the throttle valve 21. For instance, an
intake conduit model, which 1s recited 1in JP2008-101626A,

may be used as the intake manifold model 40.
Thereatter, the total cylinder-inflow gas quantity (=cylin-

der-inflow fresh air quantity+cylinder-inflow EGR gas quan-
tity) 1s computed based on the intake manifold pressure by
using an intake valve model 41. The mtake valve model 41 1s
a model that simulates the behavior of the gas at the time of
being drawn into the cylinder after being charged into the
portion of the intake passage located on the downstream side
of the throttle valve 21. An intake valve model, which 1s
recited 1n JP2008-101626 A, may be used as the intake valve
model 41.

A cylinder-inflow EGR gas flow quantity computing por-
tion 38 of the cylinder-inflow EGR gas quantity determining
arrangement 364 of the ECU 36 computes an EGR valve-

passing gas flow quantity (a flow quantity of the EGR gas,
which passes through the EGR valve 31) by using an EGR

valve model 42. The EGR valve model 42 1s a model that
simulates the behavior of the EGR gas at the time of passing
through the EGR valve 31 in the EGR conduit 29.

As shown 1n FIG. 6, the EGR valve model 42 1s constructed
as a map that defines a relationship among the opening degree
of the EGR valve 31, the total throttle-passing gas flow quan-
tity and the EGR valve-passing gas tlow quantity. The EGR
valve-passing gas flow quantity 1s computed based on the
opening degree of the EGR valve 31 and the total throttle-
passing gas tlow quantity by using the map of the EGR
valve-passing gas tflow quantity. The map of the EGR valve-
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passing gas flow quantity 1s prepared 1n advance based on test
data and design data and 1s prestored in the ROM of the ECU

36.

Alternatively, the EGR valve model 42 may be constructed
as a mathematical or physics equation, which defines a rela-
tionship among the opening degree of the EGR valve 31, a
pressure Pin on the upstream side of the EGR valve 31, a
pressure Pout on the downstream side of the EGR valve 31

and the EGR valve-passing gas tlow quantity Megr.

Specifically, the EGR valve model 42 may be approxi-
mated by using the following equation of a throttle (equation
ol an orifice).

Megr=C-A- -O(Pout/ Pin)

\/R-Tegr

In the above equation, C denotes a discharge coelficient,
and A denotes an opening cross-sectional area of the EGR
conduit 29, which changes 1n response to the opeming degree
of the EGR valve 31. Furthermore, R denotes a gas constant,
and Tegr denotes a temperature of the EGR gas on the
upstream side of the EGR valve 31. Furthermore, ®(Pout/
Pin) 1s a function that uses (Pout/Pin) as a vanable.

In this case, the EGR valve-passing gas flow quantity Megr
1s computed based on the opening degree of the EGR valve
31, the pressure Pin on the upstream side of the EGR valve 31,
the pressure Pout on the downstream side of the EGR valve
31, and the temperature of the EGR gas by using the equation
of the throttle (the equation of the orifice) discussed above.

Thereatfter, the cylinder-inflow EGR gas quantity 1s com-
puted based on the computed value of the EGR valve-passing,
gas flow quantity by using an EGR gas delay model 43 (see
FIG. 5). The EGR gas delay model 43 1s a model that simu-
lates the behavior of the EGR gas until the time of tlowing into

the cylinder by passing through the throttle valve 21 after
passing through the EGR valve 31.

As shown 1n FIG. 7, the EGR gas delay model 43 includes
a Tresh air merging delay model 44, an intake conduit advec-
tion delay model 45, an intake manifold charge delay model
46 and an intake port advection delay model 47. The fresh air
merging delay model 44 1s a model that simulates the behav-
1ior of the EGR gas at the time of flowing mto a portion (a
portion of the intake conduit 12 located on the upstream side
of the compressor 19) of the intake passage located on the
upstream side of the throttle valve 21 after passing through
the EGR valve 31. The intake conduit advection delay model
45 1s a model that simulates the behavior of the EGR gas until
the time of passing through the throttle valve 21 after flowing,
into the portion of the intake passage located on the upstream
side of the throttle valve 21. The intake manifold charge delay
model 46 1s a model that simulates the behavior of the EGR
gas at the time of being charged 1nto a portion (e.g., the surge
tank 23 and the intake manifold 24) of the intake passage
located on the downstream side of the throttle valve 21 after
passing through the throttle valve 21. The intake port advec-
tion delay model 47 1s a model that simulates the behavior of
the EGR gas until the time of flowing into the cylinder
through the intake port after being charged into the portion of
the intake passage located on the downstream side of the
throttle valve 21.

Thereby, the delay of the EGR gas that occurs at the time of
flowing into the portion of the intake passage located on the
upstream side of the throttle valve 21, the convection delay of
the EGR gas that occurs until the time of passing through the
throttle valve 21 after tlowing into the portion of the intake
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passage located on the upstream side of the throttle valve 21,
the charge delay of the EGR gas that occurs at the time of
being charged into the portion of the intake passage located
on the downstream side of the throttle valve 21 after passing
through the throttle valve 21, and the convection delay of the
EGR gas that occurs until the time of flowing into the cylinder
through the intake port after being charged into the portion of
the intake passage located on the downstream side of the
throttle valve 21 can be retlected into the computation of the
cylinder-inflow EGR gas quantity. Thus, the estimation accu-
racy of the cylinder-inflow EGR gas quantity can be
improved.

At the time of computing the cylinder-inflow EGR gas
quantity, an EGR gas tlow quantity Megr(b), which 1s a tlow
quantity of the EGR gas that flows into the portion of the
intake passage located on the upstream side of the throttle
valve 21, 1s computed based on an EGR valve-passing gas
flow quantity Megr(a) by using the fresh air merging delay
model 44.

The fresh air merging delay model 1s approximated by
using the following equation (1).

Megr(b)=[K1/(t1+1)|xMegr(a) Equation (1)

A coeflicient K1 and the time constant tl1 of the above
equation (1) are values that are determined based on a conduait
diameter and a conduit length of the portion of the EGR
conduit 29 (the portion of the EGR conduit 29 from the EGR

valve 31 to amerging portion, at which the EGR conduit 29 1s
connected to the intake conduit 12) and the conduit diameter
of the mtake conduit 12. The coefficient K1 and the time
constant Tl are computed 1n advance based on the test data
and the design data.

Thereatter, an EGR gas tlow quantity Megr(c), which 1s a

flow quantity of the EGR gas that passes through the throttle
valve 21, 1s computed based on the EGR gas flow quantity
Megr(b), which 1s the flow quantity of the EGR gas that flows
into the portion of the intake passage located on the upstream
side of the throttle valve 21, and the total throttle-passing gas
flow quantity Mth by using the intake conduit advection delay
model 45.

With reference to FIG. 8, the intake conduit advection
delay model 45 1s constructed as follows. Specifically, the
behavior of the EGR gas of the continuous time system,
which 1s measured until the time of passing through the
throttle valve 21 after flowing into the portion of the intake
passage located on the upstream side of the throttle valve 21,
1s transformed 1nto a plurality of matrices, which are formed
at predetermined time intervals through the discretization
(e.g., 32 matrices, which are formed one after another at 16
millisecond sampling time intervals through the discretiza-
tion). These matrices construct the intake conduit advection
delay model 45 and form a queue, 1.e., the first 1n first out
(FIFO) data structure in the memory (rewritable memory or
storage) of the ECU 36. Each matrix indicates the corre-
sponding EGR gas flow quantity. In general, a moving speed
of the EGR gas 1n the intake conduit 12 1s suificiently slow 1n
comparison to the computation speed of the ECU 36, so that
the ntake conduit advection delay model 45 can be con-
structed by the matrices, which are formed one after another
at the predetermined time intervals through the discretization.
Various coefficients, which are used in the intake conduit
advection delay model 45, are values that are determined
based on a conduit diameter and a conduit length of a portion
of the intake conduit 12 (the portion of the intake conduit 12
that 1s from the merging portion, at which the EGR conduit 29
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1s connected to the intake conduit 12, to the throttle valve 21)
and are computed in advance based on the test data and the
design data.

Thereafter, as shown 1n FIG. 7, the intake manifold charge
delay model 46 1s used to compute an EGR gas flow quantity
Megr(d), which 1s a flow quantity of the EGR gas charged into
the portion (e.g., the surge tank 23 and the intake manifold 24)
ol the intake passage located on the downstream side of the
throttle valve 21, based on the EGR gas flow quantity Megr
(c), which 1s the flow quantity of the EGR gas that passes
through the throttle valve 21.

The mtake manifold charge delay model 46 1s approxi-

mated by using the following equation (2).

Megr(d)=[K2/(t2+1)|xMegr(c) Equation (2)

A coellicient K2 and an intake manifold charge delay time
constant T2 of the above equation (2) are values that are
determined based on, for example, a conduit diameter, a
length and a volume of the portion (the portion, such as the
surge tank 23 and the intake manifold 24, of the intake conduit
12 located on the downstream side of the throttle valve 21) of
the intake passage located on the downstream side of the
throttle valve 21. The coelficient K2 and the intake manifold
charge delay time constant t2 of the above equation (2) are
computed 1n advance based on the test data and the design
data. In a case where the intake manifold charge delay time
constant 1s used 1n the intake manifold model 40, the intake
manifold charge delay time constant, which 1s used in the
intake manifold model 40, may be used in the intake manifold
charge delay model 46.

Thereafter, the intake port advection delay model 47 1s
used to compute a cylinder-intlow EGR gas quantity Megr(e)
based on the EGR gas flow quantity Megr(d), which 1s the
flow quantity of the EGR gas charged 1nto the portion of the
intake passage located on the downstream side of the throttle
valve 21, and the previous value of the total cylinder-inflow
gas quantity.

The 1intake port advection delay model 47 1s constructed as
tollows. Specifically, the behavior of the EGR gas of the
continuous time system, which 1s measured until the time of
flowing into the cylinder through the intake port aiter being
charged 1nto the portion of the intake passage located on the
downstream side of the throttle valve 21, 1s transformed 1nto
a plurality of matrices, which are formed one after another at
predetermined time intervals through discretization. These
matrices construct the intake port advection delay model 47
and form a queue, 1.¢., the first 1n first out (FIFO) data struc-
ture 1n the memory of the ECU 36. Various coefficients, which
are used 1n the intake port advection delay model 47, are
values that are determined based on the conduit diameter and
the conduit length of the corresponding portion of the intake
conduit 12 and are computed 1n advance based on the test data
and the design data.

In a system of a comparative example (related art) of FIG.
4B, which does not execute the misfire-avoidance control
operation, when the throttle opening degree 1s controlled to
the closing side at the time of decelerating the engine (see the
time point, at which the accelerator opening degree 1s
dropped to the smallest value, 1.e., the amount of depression
of the accelerator pedal 1s dropped to the smallest value 1n
FIG. 4A), the intake air quantity 1s reduced, and the EGR gas
remains in the intake passage. Therefore, at the time of decel-
eration or the time of reacceleration of the engine, the intake
air quantity may possibly be reduced below the normal com-
bustion lower limit value (the lower limit value of the intake
air quantity that needs to be achieved to enable the normal
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combustion in the cylinder), thereby there 1s a high possibility
of having the misfire in the cylinder.

In contrast, 1n the first embodiment shown 1n FIG. 4C, the
cylinder-inflow EGR gas quantity 1s estimated by using the
model, which simulates the behavior of the EGR gas flow
quantity, and the normal combustion lower limit value is
computed based on this estimated cylinder-inflow EGR gas
quantity. At the time of decelerating the engine 11 (e.g., the
time of changing the accelerator opening degree to the full
closing side, 1.¢., the time, at which the amount of depression
of the accelerator pedal 1s dropped to the smallest value 1n
FIG. 4A), the throttle opening degree 1s controlled to the
closing side. Thereafter, at a time point t1, at which a value of
difference between the intake air quantity and the normal
combustion lower limit value becomes smaller than the
threshold value, the misfire-avoidance control operation 1s
executed to avoid the misfire by controlling the throttle open-
ing degree such that the intake air quantity does not decrease
below the normal combustion lower limait value. In this way,
the 1ntake air quantity can be kept equal to or above the
normal combustion lower limit value, and thereby the mistire
at the time of decelerating the engine 11 can be limited.

Furthermore, the load torque (e.g., the load torque of the
alternator 48) 1s controlled to absorb, 1.e., counteract the
torque change caused by this misfire-avoidance control
operation. In this way, the torque increase caused by the
misfire-avoidance control operation, 1.¢., the torque increase
caused by the increase of the intake air quantity 1s counter-
acted by the torque reduction, which 1s caused by the control-
ling of the load torque. Thereby, the torque change (torque
increase) caused by the misfire-avoidance control operation
can be limited. As a result, the deterioration of the driveability
at the time of deceleration of the engine 11 can be limited.
Thereafter, at a time point t2, at which the fuel cut control
operation (F/C control operation) 1s started, the EGR gas
scavenging control operation 1s executed by controlling the
throttle opeming degree to the opening side (e.g., the full
opening side where the opening degree of the throttle valve 21
becomes the tull opening degree) to promote the scavenging
of the EGR gas from the intake conduit 12. In this way, the
intake air quantity 1s increased during the fuel cut control
operation (the F/C control operation), and thereby the EGR
gas, which remains 1n the intake conduit 12, can be rapidly
scavenged.

Furthermore, the load torque (e.g., the load torque of the
alternator 48) 1s controlled to absorb, 1.e., counteract the
torque change caused by this misfire-avoidance control
operation. In this way, the torque increase caused by the EGR
gas scavenging control operation, 1.e., the torque increase
caused by the reduction of the pumping loss 1s counteracted
by the torque reduction, which 1s caused by the controlling of
the load torque. In thus way, the torque change (torque
increase) caused by the EGR gas scavenging control opera-
tion 1s limited. As a result, 1t 1s possible to limit the deterio-
ration of the driveability during the fuel cut control operation
(the F/C control operation).

Thereatter, at the time of reaccelerating the engine 11 (the
time of reaccelerating the vehicle), at which the accelerator
opening degree 1s increased, the fuel cut control operation 1s
terminated (restarting the fuel injection). Then, at a time point
t3, at which the value of difference between the intake air
quantity and the normal combustion lower limit value
becomes smaller than the threshold value once again, the
misiire-avoidance control operation 1s executed to avoid the
misiire by controlhng the throttle opening degree such that
the 1intake air quantity does not decrease below the normal
combustion lower limit value. In this way, the intake air
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quantity can be kept equal to or above the normal combustion
lower limit value, and thereby the misfire caused by the EGR
gas at the time of reaccelerating the engine 11 can be limited.

Furthermore, the load torque (e.g., the load torque of the
alternator 48) 1s controlled to absorb, 1.e., counteract the
torque change caused by this misfire-avoidance control
operation. In this way, the torque increase caused by the
misfire-avoidance control operation, 1.¢., the torque increase
caused by the increase of the intake air quantity 1s counter-
acted by the torque reduction, which 1s caused by the control-
ling of the load torque. Thereby, the torque change (torque
increase) caused by the misfire-avoidance control operation
can be limited. As a result, the deterioration of the driveability
at the time of reacceleration of the engine 11 can be limited.

In the first embodiment, at the time of executing the mis-
fire-avoidance control operation, the throttle opening degree
1s controlled such that the intake air quantity falls in the
predetermined range from the normal combustion lower limit
value on the side, which 1s larger than the normal combustion
lower limit value. Therelore, the excessive increase of the
intake air quantity at the time of executing the misfire-avoid-
ance control operation can be limited, and thereby the dete-
rioration of the fuel economy can be limited.

Inthe first embodiment, the cylinder-intflow EGR gas quan-
tity 1s computed (estimated) by using the model, which simu-
lates the behavior of the EGR gas flow quantity. However, the
method of estimating the cylinder-inflow EGR gas quantity 1s
not limited to this method and may be modified 1n an appro-
priate manner. For example, the cylinder-inflow EGR gas
quantity may be computed (estimated) based on an output
signal of an 1ntake conduit pressure sensor or an output signal
of the air flow meter. Furthermore, the quantity of the EGR
gas, which remains in the intake conduit 12, may be sensed
with a sensor as information of the cylinder-inflow EGR gas
quantity (cylinder-intlow EGR gas quantity information).

Second Embodiment

A second embodiment of the present disclosure will be
described with reference to FIGS. 9 to 11B. In the following
description, components similar to those of the first embodi-
ment will not be described redundantly for the sake of the
simplicity, and differences, which are different from those of
the first embodiment, will be mainly discussed.

In the first embodiment, the normal combustion lower limait
value 1s computed based on the cylinder-inflow EGR gas
quantity. However, 1n the second embodiment, the ECU 36
executes a misfire-avoidance control routine, 1.e., a misfire-
avoldance control process of FIG. 9, so that a normal com-
bustion determination value (a normal combustion threshold
value) 1s computed based on the engine operational state, and
the misfire-avoidance control operation 1s executed by con-
trolling the throttle opening degree such that the intake air
quantity does not decrease below the normal combustion
determination value.

In the misfire-avoidance control routine, 1.e., the misfire-
avoldance control process of FIG. 9, when a deceleration
demand, which demands the deceleration of the engine 11, 1s
generated, the deceleration demand 1s obtained at step 201.
Thereatter, the operation proceeds to step 202. At step 202,
the engine operational condition parameters, such as the
engine rotational speed and the engine load (e.g., the intake
air quantity and the intake conduit pressure) are obtained. In
this i1nstance, like in the first embodiment, the intake air
quantity mnformation determining arrangement 36a of the
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ECU 36 senses or computes the intake air quantity (serving as
the intake air quantity information) based on the output of the
air flow meter 14.

Thereatter, the operation proceeds to step 203. At step 203,
the normal combustion determination value A and a execu-
tion time period B for executing the misfire-avoidance control
operation are computed based on the engine operational state
(e.g., the engine rotational speed and the engine load) at the
time of starting the deceleration of the engine 11 with refer-
ence to a map of the normal combustion determination value
A and the execution time period B shown in FIG. 10. Here, for
instance, the normal combustion threshold value computing
arrangement 365 of the ECU 36 computes the normal com-
bustion determination value A such that the normal combus-
tion determination value A 1s kept slightly larger than the
normal combustion lower limit value (the lower limit of the
intake air quantity, which needs to be achieved to enable the
normal combustion 1n the cylinder). Furthermore, the execu-
tion time period B of the misfire-avoidance control operation
1s set to, for example, a time period, which 1s required to
complete the scavenging of the EGR gas remained 1n the
intake conduit 12. The map of FIG. 10 1s prepared 1n advance
based ontest data and design data and 1s prestored in the ROM
of the ECU 36. In the map of FIG. 10, A1-A4 indicate corre-
sponding normal combustion determination values, respec-
tively, and B1-B4 indicate corresponding execution time peri-
ods, respectively.

Thereatter, the operation proceeds to step 204. At step 204,
it 1s determined whether the fuel cut control operation (F/C
control operation) 1s currently executed. When 1t 1s deter-
mined that the fuel cut control operation 1s not currently
executed (1.e., the fuel mjection 1s currently performed) at
step 204, the operation proceeds to step 205. At step 205, 1t 15
determined whether the 1intake air quantity 1s smaller than the
normal combustion determination value A. When the intake
air quantity becomes smaller than the normal combustion
determination value A, there 1s a high possibility of having the
misfire. Theretfore, 1t 1s possible to predict whether the mistire
will occur by determining whether the intake air quantity 1s
smaller than the normal combustion determination value A.

When 1t 1s determined that the intake air quantity 1s smaller
than the normal combustion determination value A at step
205, the operation proceeds to step 206. At step 206, the
misfire-avoidance control arrangement 36¢ of the ECU 36
executes the misfire-avoidance control operation from the
time of starting the deceleration of the engine 11 until the end
of the execution time period B from the time of starting the
deceleration by controlling the throttle opening degree such
that the intake air quantity 1s kept equal to or larger than the
normal combustion determination value A. In this way, the
intake air quantity 1s kept equal to or larger than the normal
combustion determination value A to limit the occurrence of
the masfire.

Thereatter, the operation proceeds to step 207. At step 207,
the load torque (e.g., the load torque of the alternator 48) 1s
controlled to absorb, 1.e., counteract the torque change caused
by the misfire-avoidance control operation.

In contrast, when 1t 1s determined that the fuel cut control
operation (F/C control operation) 1s currently executed at step
204, the operation proceeds to step 208. At step 208, the EGR
gas scavenging control operation 1s executed to promote the
scavenging ol the EGR gas by controlling the throttle opening
degree to the opening side (e.g., the full opening side where
the opening degree of the throttle valve 21 becomes the full
opening degree).

Thereatter, the operation proceeds to step 209. At step 209,
the load torque (e.g., the load torque of the alternator 48) 1s




US 8,942,909 B2

15

controlled to absorb, 1.e., counteract the torque change caused
by the EGR gas scavenging control operation. In contrast,
when the torque change caused by the EGR gas scavenging
control operation cannot be absorbed, 1.e., cannot be counter-
acted by the controlling of the load torque, the throttle open-
ing degree 1s reduced.

In the second embodiment discussed above, as shown 1n
FIG. 11B, the normal combustion determination value A (the
value that 1s slightly larger than the normal combustion lower
limit value) 1s computed based on the engine operational
state. When 1t 1s determined that the intake air quantity 1s
smaller than the normal combustion determination value A,
the misfire-avoidance control operation 1s executed to avoid
the misfire by controlling the throttle opening degree such
that the intake air quantity 1s kept equal to or larger than the
normal combustion determination value A from the time of
starting the deceleration of the engine 11 until the end of the
execution time period B (the time period that 1s required to
complete the scavenging of the EGR gas, which remains 1n
the intake conduit 12). Therefore, the intake air quantity can
be kept equal to or larger than the normal combustion deter-
mination value A at the time of deceleration and reaccelera-
tion of the engine 11 unlike the comparative example (related
art) shown 1n FIG. 11A. As a result, it 1s possible to limait the
occurrence of the misfire caused by the EGR gas at the time of
deceleration or reacceleration.

In each of the first and second embodiments discussed
above, at the time of controlling the load torque to absorb the
torque change of the engine 11 caused by the misfire-avoid-
ance control operation or the EGR gas scavenging control
operation, the load torque of the alternator 48 1s controlled.
However, the present disclosure 1s not limited to this. For
example, alternatively, the load torque may be controlled by
driving an auxiliary device (e.g., a compressor of the air
conditioning system, an electric fan) of the engine 11. Further
alternatively, the load torque may be controlled by generating
the brake force at the antilock brake system (ABS). Further-
more, the load torque may be controlled by stopping an opera-
tion of at least one of the cylinders.

In each of the first and second embodiments, the misfire-
avoildance control operation 1s executed by controlling the
throttle opening degree such that the intake air quantity does
not decrease below the normal combustion threshold value
(the normal combustion lower limit value or the normal com-
bustion determination value). However, the present disclo-
sure 1s not limited to this. For instance, a normal combustion
threshold value (a normal combustion lower limit value or a
normal combustion determination value), which 1s a thresh-
old value of the engine torque (a required torque or an esti-
mated torque) that needs to be achieved to enable the normal
combustion 1n the cylinder, may be computed. Then, the
misfire-avoidance control operation may be executed by con-
trolling the throttle opening degree such that the engine
torque does not decrease below this normal combustion
threshold value.

In each of the first and second embodiments discussed
above, the present disclosure 1s applied to the engine that 1s
provided with the supercharger and the low pressure loop
(LPL) EGR device 28, which recirculates the EGR gas from
the portion of the exhaust conduit 15 located on the down-
stream side of the catalytic converter 16 to the portion of the
intake conduit 12 located on the upstream side of the com-
pressor 19. However, the present disclosure 1s not limited to
such an engine. For example, the present disclosure may be
applied to an internal combustion engine that 1s provided with
a super charger and a high pressure loop (HPL) EGR device,
which recirculates the EGR gas from a portion of the exhaust
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conduit located on an upstream side of the exhaust turbine to
a portion of the intake conduit located on a downstream side
of the throttle valve.

Furthermore, the present disclosure 1s not limited to the
engine, which 1s provided with the exhaust turbine super-
charger (i.e., the turbocharger). For instance, the present dis-
closure may be applied to an internal combustion engine,
which 1s provided with a mechanical supercharger or an elec-
tric supercharger.

Furthermore, the present disclosure i1s not limited to the
engine, which 1s provided with the supercharger. That 1s, the
present disclosure may be applied to a normal aspiration
engine (NA engine), which 1s not provided with a super-
charger.

In the first and second embodiments, the intake air quantity
information determining arrangement 36a senses or com-
putes the intake air quantity as the intake air quantity infor-
mation. Alternatively, the intake air quantity information
determining arrangement 36a may sense or compute the
torque of the internal combustion engine as the intake air
quantity information. In such a case, the misfire-avoidance
control arrangement 36¢ may execute the misfire-avoidance
control operation such that the value of the intake air quantity
information (torque) does not decrease below the correspond-
ing normal combustion threshold value.

Additional advantages and modifications will readily
occur to those skilled 1n the art. The present disclosure 1n 1ts
broader terms 1s therefore not limited to the specific details,
representative apparatus, and illustrative examples shown
and described.

What 1s claimed 1s:

1. A control apparatus for an 1nternal combustion engine
that 1s provided with an exhaust gas recirculation (EGR)
device, which recirculates a portion of exhaust gas of the
internal combustion engine as EGR gas to an intake passage
of the internal combustion engine, the control apparatus com-
prising:

an intake air quantity information determining arrange-
ment that senses or computes one of an intake air quan-
tity and a torque of the internal combustion engine as
intake air quantity information;

a normal combustion threshold value computing arrange-
ment that computes a normal combustion threshold
value based on an operational state of the internal com-
bustion engine, wherein the normal combustion thresh-
old value 1s a threshold value of the intake air quantity
information required to be achieved to enable normal
combustion in the mternal combustion engine; and

a misfire-avoidance control arrangement that executes a
misfire-avoidance control operation, which avoids mis-
fire by controlling a throttle opeming degree of a throttle
valve such that a value of the intake air quantity infor-
mation does not decrease below the normal combustion
threshold value.

2. The control apparatus according to claim 1, wherein the
misfire-avoidance control arrangement controls a load torque
such that a torque change of the internal combustion engine,
which 1s caused by the misfire-avoidance control operation, 1s
absorbed by the load torque.

3. The control apparatus according to claim 1, further com-
prising a cylinder-inflow EGR gas quantity determiming
arrangement that estimates or senses a value of a cylinder-
inflow EGR gas quantity, which 1s a quantity of the EGR gas
that flows 1nto a cylinder of the internal combustion engine,
wherein the normal combustion threshold value computing
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arrangement computes the normal combustion threshold
value based on the value of the cylinder-inflow EGR gas

quantity.

4. The control apparatus according to claim 1, when the
misfire-avoidance control arrangement executes the misfire-
avoildance control operation, the misfire-avoidance control
arrangement controls the throttle opening degree of the
throttle valve such that the value of the intake air quantity
information falls 1n a predetermined range from the normal
combustion threshold value on a side, which 1s larger than the
normal combustion threshold value.

5. The control apparatus according to claim 1, wherein the
misfire-avoidance control arrangement executes an EGR gas
scavenging control operation, which promotes scavenging of
the EGR gas by controlling the throttle opening degree
toward an opening side during a fuel cut control operation,
which stops fuel injection at a time of decelerating the internal
combustion engine.

6. The control apparatus according to claim 5, wherein the
misfire-avoidance control arrangement controls a load torque
such that a torque change, which 1s caused by the EGR gas
scavenging control operation, 1s absorbed by the load torque.

7. The control apparatus according to claim 6, wherein the
misfire-avoidance control arrangement reduces the throttle
opening degree in a case where a torque change, which 1s
caused by the EGR gas scavenging control operation, cannot
be absorbed through the controlling of the load torque.
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8. The control apparatus according to claim S, further com-
prising a cylinder-inflow EGR gas quantity determining
arrangement that estimates or senses a value of a cylinder-
inflow EGR gas quantity, which 1s a quantity of the EGR gas
that flows 1nto a cylinder of the internal combustion engine,
wherein the misfire-avoidance control arrangement termi-
nates the EGR gas scavenging control operation when the
value of the cylinder-inflow EGR gas quantity becomes equal
to or smaller than a predetermined threshold value during

execution of the fuel cut control operation.
9. The control apparatus according to claim 3, wherein:
the cylinder-inflow EGR gas quantity determining arrange-
ment estimates and stores a value of an EGR gas flow
quantity of a portion of the EGR gas that i1s present
between a first location of the intake passage, which 1s
on a downstream side of an EGR valve of the EGR
device, and a second location of the intake passage,
which 1s on an upstream side of the cylinder, based on an
EGR valve-passing gas flow quantity, which 1s a quan-
ity of the portion of the EGR gas passed through the
EGR valve; and
the cylinder-inflow EGR gas quantity determining arrange-
ment estimates the value of the cylinder-intlow EGR gas
quantity based on the stored value of the EGR gas flow
quantity of the portion of the EGR gas.
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